1. The process of the UCNCs-doped MT drawing Figure S1 . Schematic of UCNC-doped MT fabrication by preheat and flame-heated drawing method from silica capillary tubing.
The silica capillary tubing (outside diameter ~162 µm; inner diameter ~ 100 µm, refractive index ~ 1.55) was purchased from Polymicro Technologies, L. L. C. The polymer coating of silica Both ends of the tubing was heat by alcohol flame in 3 seconds, then the hydrogen flame was used to heat the tubing, at the same time, the tubing was drawn by stepping motors. The MT with different diameter can be obtained by increasing or decreasing the drawing speed. In the hydrogen flame heating process, the silica capillary tubing in the molten-like state, result in the UCNCs were stick to the inner wall of the tube.
2. Schematic of experiment setup for UCNCs-MT optical properties measurement Figure S2 . Schematic of the instrumental setup for the UCNCs-MT excitation experiment. One Ho 3+ -UCNCs-MT with diameter of 4µm was excited by the 980nm laser fiber tip, another MT with diameter of 2µm which is placed underneath. Figure S8 shows when the cross angle is 77° between two MT and the coupling efficiency is very low. We estimate the coupling efficiency by studying the image brightness and normalized PL intensity of the emission light. Here we defined as coupling efficiency η = I output spot / I excited spot , and the estimated η is about 3.9%. When the cross angle is tune to 67° the estimated η is about 6.1%. When the cross angle is tune 52° the estimated η is about 21.4%. We found that tune the cross angle between two MT could make the coupling more prominent. One single Tm 3+ -UCNCs-MT (diameter ~5 µm, lengths ~ 100 µm) was pumped with the non-contact mode excitation way. The excitation laser power was 0.5mW, 0.54mW, and 0.6 mW.
At relatively low excitation power, for example 0.5 mW and 0.54 mW, the up-conversion luminescence is 2 absorbed photons process, the peak of λ = 450nm is smaller than peak of λ = 476 nm. At relatively high excitation power, for example 0.6mW, the up-conversion luminescence is 3 absorbed photons process, the peak of λ = 450nm is greater than peak of λ = 476nm as shown in Fig. S10 . However, for smaller diameter Tm 3+ -UCNCs-MT (diameter ~2 µm), pump with the contact mode excitation way is same to increase pump power density, the up-conversion luminescence at λ= 450 nm could be 3 photons process as shown in Fig. 3d . 
